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1. Scope of Patent Claims 

The packing for an automobile exhaust gas purifier which is constructed by pasting 
together a vermiculite sheet and a. ceramic fiber sheet and which is characterized 
whereby: (a) the above-mentioned vermiculite sheet is pressure molded into a sheet 
shape which possesses the required surface density in a mixture which is composed of (i) 
vermiculite particles which protrude in a layer and (ii) vermiculite particles with a 
diameter of over 35 mesh which do not protrude in a layer, with (i) and (ii) being mixed 
together in a ratio of 1 : 2 to 1 : 5 by weight, and an organic elastic bonding agent; and (b) 
the above-mentioned ceramic fiber sheet which is formed into a sheet shape by a bonding 
agent in which ceramic fibers, which are composed of alumina and silica and made with 
an average fiber length of over 50 mm and an average fiber diameter of 2 to 4 |im, are 
combined with natural rubber and polybutene.* 



Detailed Explanation of the Invention 

The present invention pertains to packing for an automobile exhaust gas purifier, and in 
particular pertains to the improvement of said packing which is composed of expanding 
sheet material that employs vermiculite as its raw material. Said expanding sheet material 
that employs vermiculite as its raw material (or packing which has been subjected to 
blanking or cutting) possesses excellent heat resistance against high temperatures, and 

♦[Translator This word does not appear in any chemistry dictionary. It mav be a misspelling for 
"polybutene"]. 
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moreover possesses a quality whereby it expands (referred to herein as "protrudes in a 
layer"*) due to heat, and based on this it has drawn attention as a packing material used 
as filler for machines which handle high temperatures, and the development of such uses 
has been undertaken. For example, in the case of an automobile exhaust gas purifier, 
which is constructed by housing a monolith-type catalyst body made of ceramic and of 
which the catalyst is made of precious metal supported on top of it inside a cylindrical 
container made of metal, the above-mentioned expanding sheet is used to fill the space 
between the monolith-type catalyst body (abbreviated below as "monolith") and the 
cylindrical container (abbreviated below as "outer cylinder") or as retentive material 
which supports the monolith. 

Said monolith which has been used for the above-mentioned automobile exhaust gas 
purifier is composed of a ceramic foundation which possesses a low thermal expansion 
rate of approximately 1 .2 X 10' 6 /degrees Centigrade so that the three criteria for thermal 
resistance, heat resistant impact and a multi-contact surface area are respectively 
satisfied, and an extrusion molded item with a honeycomb wall of approximately 0.15 
mm to 0.3 mm has been determined to be optimal for this. However, the difficult 
technical point in this purifier, as a whole, is the fact that there is a large difference 
between the monolith and the outer cylinder in the thermal and contraction rates. 
Therefore, special effort is required in order to retain the monolith inside the cylinder. In 
particular, examples in which exhaust gas purifiers are used near a higher temperature 
portion in the vicinity of the engine exhaust manifold have increased as a recent trend, 
and in such cases heat resistant steel whose thermal expansion coefficient is 1.5 times 
that of cast steel is employed for the material of the outer cylinder. In order to achieve an 
improvement in the performance for the three above-mentioned criteria, and when 
employing a monolith with a weak intensity and which has a thin honeycomb wall, the 
demand has arisen for packing which is more pliant than previous types and which has 
better cushioning properties. And for the purpose of further improvement to the 
performance of the monolith, there is also a demand for a gas seal whereby unpurified 
exhaust gas does not bypass the space between the outer cylinder. 

Items possessing a variety of materials and structures have been proposed as retentive 
material for a monolith which can fulfill partially or almost completely the above- 
mentioned criteria. As one of these, an item which retains the monolith flexibly with a 
spring or bellows made of heat resistant steel and which has been compression molded by 
making thin metal wire into a latch net has been partially put into practical use as a 
flexible retentive material, but there are drawbacks to said material in that owing to 
abnormalities of the exhaust gas, etc., the temperature of the supported body overheats 



* [Translator This Japanese word appears lo be a neologism coined expressly for this patent. Since I could 
not find it in any dictionary I have employed the above circumlocution to translate it.] 
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and reaches over 600 degrees Centigrade, at which point the flexibility of the metal of the 
spring or bellows is lost and the material can no longer act as a retentive agent. In 
addition, in such a case, the monolith shakes and is finally destroyed due to the pressure 
of the exhaust gas and the vibration of the engine, etc. In addition, there is the further 
drawback that a molded item made with thin wire is too crude for sealing the exhaust gas, 
so complete purification cannot be achieved. 

In addition, a method whereby an inorganic fiber material which possesses thermal 
resistance is filled into the space between the monolith and the outer cylinder has been 
proposed as a means which does not employ metal materials, and although said material 
is considered to possess the advantages that its thermally resistant temperature is high and 
that untreated exhaust gas does not leak after the crevice between the monolith and the 
outer cylinder is completely sealed, it is nonetheless necessary to make the fill density of 
the packing sufficiently high in order to retain the monolith effectively over a long period 
of time under conditions of vibration to the engine during operation and due to the 
heating and cooling cycle of the engine. Moreover, there is the drawback that the 
purification device becomes quite complicated in that a special outer cylinder, for 
example a multiple division-type metal cylindrical container, is used for the packing 
filler, a thick mat-shaped fiber material with the monolith wrapped inside it is forcefully 
compressed, and is fixed with a screw band, etc. 

A method which improves the retaining of the monolith by using packing which grinds 
vermiculite particles into the inorganic fiber material, filling this into the space between 
the monolith and the container and forcefully compressing the inorganic fiber material 
after the vermiculite has protruded in a layer due to the exhaust heat of the engine has 
been proposed and has been partially put into practical use. However, even in the event 
that said packing with vermiculite ground into it is actually used for filling, under the 
current rigorous conditions for engines, it is necessary to fill, after forceful compression 
of the vermiculite, up to approximately 50 - 60% of the packing thickness in order to 
retain the monolith securely, due to the fact that accidents frequently occur in which the 
side walls of the monolith are damaged by the strong pressure which is applied. 

In addition, as previously mentioned, for the present invention, when a sheet was 
constructed whereby vermiculite particles protruded in a layer due to heat, and to which 
ceramic paper, etc. was then pasted was proposed, even though such packing material 
exhibited excellent endurance of retentive force, the downfall was that there were 
complications from the standpoint of the processes used in winding the filler around the 
monolith and inserting the former into the latter because in order to determine the filler 
amount it was necessary to measure the dimensions of the outer diameter of the monolith, 
whose materials were hard and for which the dimensional tolerance was great. 

After an investigation of the strengths and weaknesses of each kind of above-described 
packing, the inventors for the present patent have proposed said invention for the purpose 
of developing a packing which (a) the retentive properties of the vermiculite sheet 
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material are fully realized; (b) is soft enough to easily insert into the narrow crevice 
between the above-mentioned monolith, whose dimensional tolerance is large, and the 
outer cylinder, which holds the former item in place; and moreover (c) the retentive force 
can hold up over a long time even under the changes due to the repetition of thermal 
expansion of the crevice's dimensions owing to the heating-cooling cycle between the 
high temperatures which occur at the time of exhaust gas purification and the ordinary 
temperatures when the engine is stopped. 

Moreover, the impetus which led to the creation of the present invention was that said 
inventors noticed the fact that the vermiculite particle sheet and the sheets made of 
ceramic fiber, etc., which they had proposed, could be made separately. Said inventors 
also studied the method for manufacturing a sheet with vermiculite ground into it, in 
particular, vermiculite whose large particles were such that it was not possible to grind 
them uniformly based on the grinding technique. In addition, said inventors conducted 
repetitive testing and recognized the fact that there were changes in the retentive force [of 
many ceramic fibers] after long-term testing even when the retentive force in the initial 
period of the test was approximately the same as when they repeatedly carried out 
endurance tests for many ceramic fibers near actual use conditions. Said inventors 
discovered that only items within a certain range exhibited excellent performance; and 
that it was possible to provide a flexible sheet with refraction endurance which could 
adequately match the [characteristics of] an insertion device using a combination of 
natural rubber and polybufene as the flexible bonding agent for the ceramic fiber layer. It 
was this knowledge that contributed to the completion of the present invention. 

As for the vermiculite (hirvishi in Japanese) used in said invention, it is a type of mineral 
mica, and it is known that when heated it takes on a book shape or an accordion shape 
due to its protrusion in a layer whose thickness is several hundred times greater than that 
when it is an ore owing to a process whereby the water between the layers which is 
contained in large quantities is caused to evaporate, and it is thereby possible to obtain a 
bulky particle shaped substance which is rich in acoustic absorption and thermal 
insulation properties. When mixed with various organic or inorganic bonding agents said 
substance is used in large quantities for building material and fire resistant material. In 
addition, plate-shaped bodies, such as steel plates which have been caused to protrude in 
a layer by heating after vermiculite ore has been filled into their crevices have very good 
cushioning properties and the fact that they can be employed as the retentive material of 
the monolith of an automobile exhaust gas purifier is the main point for the proposed 
invention. Said vermiculites are currently mined in Parabola, South Africa and Montana, 
North America and depending upon the application, can be used in a variety of particle 
diameters and degrees of protrusion in layers. The properties of said vermiculite particles 
are shown in Table 1 . 



South Africa: Parabola product 


North America: Montana product 


Number 4:3-7 mesh 


#1: 3-10 mesh 


Number 3: 5 - 12 mesh 


#2: 8-14 mesh 


Number 2: 9 - 24 mesh 


#3: 10-35 mesh 


Number 1: 16-42 mesh 


#4:25-65 mesh 
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In addition, the ceramic fibers which are employed in the present invention are made into 
thin fibers by fusing the ore, which combines alumina and silica in a ratio by weight of 
approximately l[:l] and by using a high speed air stream or a high speed rotating disc. 
Regarding said ceramic fibers, the compounding ratio of A1 2 0 3 - Si0 2 is changed 
according to the objective heat resistant temperature so that ceramic fibers are produced 
in the form of bulk-shaped aggregate bodies with fiber lengths of 25 to 250 mm and fiber 
diameters of 1.5 to 6 urn due to the difference between the temperature and the fiber 
formation formula of the molten liquid, and are then used in the form of paper blankets 
and textile products, etc. as heat insulating material used in high temperature applications 
that require a glass softening temperature of approximately 850 degrees Centigrade and a 
usage temperature of 1 1 00 - 1 500 degrees Centigrade. 

The packing used for retaining a monolith-type catalyst based on the present invention is 
basically a sheet in which a mixture composed of a vermiculite sheet, namely vermiculite 
particles which have not protruded in a layer (as proposed by said inventors), vermiculite 
particles which are protruding in a layer and an organic flexible bonding material are 
pressure molded to a thickness of approximately 0.5-1.5 mm. In particular, vermiculite 
with fixed particle diameters are selected for a sheet onto which one or both sides is 
pasted an extremely flexible sheet composed of ceramic fibers and a special bonding 
agent. Due to the above-mentioned composition, an improvement is proposed whereby 
even under rigorous use, the retentive force is not lost. 

The main point of the present invention concerns the packing for an automobile exhaust 
gas purifier which is characterized by the fact that in a packing for an automobile exhaust 
gas purifier which is composed by pasting together a vermiculite sheet and a ceramic 
fiber sheet, (a) the above-mentioned vermiculite sheet is pressure molded into a sheet 
shape which possesses the required surface density in a mixture composed of (i) 
vermiculite particles which protrude in a layer and (ii) vermiculite particles with a 
diameter of over 35 mesh which do not protrude in a layer, with (i) and (ii) being mixed 
together in a ratio of 1 : 2 to 1 : 5 by weight, and an organic elastic bonding agent; and (b) 
the above-mentioned ceramic fiber sheet which is formed into a sheet shape by a bonding 
agent in which ceramic fibers, which are composed of alumina and silica and made with 
an average fiber length of over 50 mm and an average fiber diameter of 2 to 4 |im, are 
combined with natural rubber and polybutene 

The contents of the present invention will be explained in detail based on the embodiment 
below. 

The application of the automobile exhaust gas purifier in which the packing described in 
the present invention is installed constitutes a monolith with an outer diameter of 94.5 ± 
1.5 mm, a maximum monolith side wall temperature of 600 to 850 degrees Centigrade, 
an inner diameter of 100 mm for the outer cylinder made of metal, and a maximum 
temperature of 300 to 350 degrees Centigrade, which undergoes approximately 5 G of 
acceleration due to the vibration of the engine as a representative example. Regarding the 
amount of packing which is filled into the crevice (2.0 to 3.5 mm) between the monolith 
and the outer cylinder there is a concern that the monolith will be destroyed by an amount 
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whereby the surface pressure when the packing is compressed to a minimum crevice 
dimension of 2.0 mm becomes greater , than the surface pressure endurance of the 
monolith's side walls, and since on the other hand, if the surface pressure is too small, 
the retentive force for the monolith will decrease. Therefore, it was decided to use a test 
thickness (surface density) of the packing by taking the case in which the surface of the 
packing which has been compressed to the smallest crevice dimension reaches the 
intensity which the side walls of the monolith can withstand to be the maximum 
permissible filler amount. 

Said inventors examined the test machine and test methods which should satisfy the 
above-mentioned engine conditions, and then did the following: (a) they wrapped the 
packing (25 mm in width) used for the test monolith around a cylinder made of quartz 
glass with an outer diameter of 93 mm; (b) they inserted said monolith, wrapped with 
said packing inside a cylinder made of heat resistant steel with an inner diameter of 100 
mm and a flesh thickness of 6 mm by means of an insertion jig shaped like a mixing bowl 
with no bottom and with a taper attached and employed it as the test body; (c) they placed 
a lid on said test body; (d) they set the ordinary load by adding a spindle to the outer 
cylinder made of heat resistant steel so that the grinding stress would be equivalent to the 
force (0.7 kg) with which the monolith is extruded by the exhaust gas and the force (4.2 
kg) with which the monolith is estimated to undergo at the time of shaking of 10 G; (e) 
Regarding the heating and cooling, they first adjusted the amount of power supplied so 
that the temperature in the outer cylinder increased 350 degrees Centigrade more than the 
temperature in the quartz glass interior within 30 minutes; (f) they then adjusted the 
compressed air volume which blows from the interior of the quartz glass cylinder so that 
the temperature dropped to 50 degrees Centigrade after another 30 minutes; (g) they then 
repeated this heating and cooling as 1 cycle; (h) they recorded the frequency of heating- 
cooling cycles endured in which the . remit switch operated when a gap of 2 mm arose 
between the quartz glass cylinder and the outer cylinder made of heat resistant steel under 
a condition of 4.9 kg; and (1) they judged that a test substance which had endured 50 such 
heating-cooling cycles had passed the test. For said test, the thermal expansion coefficient 
of the quartz glass cylinder was 0.5 X 10' 6 /degree Centigrade, which is smaller than that 
of the monolith, which is 1.0 X lO^/degree Centigrade, and the load which was applied 
was greater than that which is applied when an actual engine is used. 

Then, in order to determine the maximum permissible filler amount after setting the 
pressure resistant intensity of the monolith at 25 kg/ cm 2 , a compression test was carried 
out by making a ceramic fiber sheet and a vermiculite sheet with compound amounts as 
shown in Table 2 below in order to provide answers to questions such as, how small a 
volume of vermiculate would be sufficient in order for the monolith retentive force to 
meet the required test conditions and how much ceramic fiber which possesses 
cushioning properties could be combined with this. A combination with a surface 
pressure of approximately 25 kg/cm 2 for a thickness of 2.0 mm, which is the minimum 
dimension for the crevice between the monolith and the outer cylinder, was selected. 
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Table 2 



Test 
substance 


Surface density of the 
ceramic fiber sheet 


Surface density of the 
vermiculite sheet 


Compressive stress 
of the crevice, 2.0 
mm 


(a) 


1.75 kejm* 


l.Okg/m 2 


20.3 kg/cm 2 


<M 


1.35 


1.35 


24.2 


(0 


0.95 j 


1.80 


41.0 



(Refer to the embodiment provided below for the combination of the ceramic fiber sheet 
and the vermiculite sheet.) 



Based on the above-mentioned table, in the event that the surface density of the packing 
used for the monolith is approximately 2.7 kg/m 2 , the combination in (b) is appropriate, 
while in the case of (a) the amount of the vermiculite is small and as a result the 
endurance of the monolith retentive force is inadequate, and in the case of (c) the side 
walls of the monolith were destroyed when the monolith was inserted into the outer 
cylinder since it is above the pressure resistant intensity. Therefore, [the substance] with a 
surface density of (b) will be subsequently used as the test sample. 

Next, an endurance test was carried out for the vermiculite and ceramic fibers which 
constitute the chief component materials of the packing for the present invention. The 
yermiculites are the products mentioned in Table 1, while the ceramic fibers involve 
items in which fibers with different average fiber lengths and average fiber diameters 
have been made into a sheet. The surface density of the ceramic fiber sheets and the 
vermiculite sheets are as stated above, and the results of the endurance test based on 
repetition of heating and cooling as described above are shown in Table 3. 
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Table 3 







South Africa: 
Parabola product 


North America: Montana 
product 


Compa- 
rative 
example 


Fiber 
length 


Fiber 
diameter 


Number 
3 

5-12 
mesh 


Number 
1 

16-42 
mesh 


#2 
8- 14 
mesh 


#3 
10-35 
mesh 


#4 
28-65 
mesh 


#4 
28-65 
mesh 


50 mm 


6M 


X 
(14) 




Circle 


X 

(39) 






2.2 |i 


Circle 


X 
(9) 


Circle 


Circle 


X 
(8) 


X 
(32) 


1.5 p 


X 
(27) 




X 
(45) 


X 
(12) 






32 mm 


6u 


X 
(4) 




X 
(15) 








2.2 u 


X 
(8) 




Circle 








1.5 u . 


X 
(3) 




X 
(9) 









Vermiculite sheet surface density: 1.35 kg/m 2 
Ceramic fiber surface density: 1.35 kg/m 2 

The numbers in the parentheses indicate the number of times the heating-cooling cycle 
was carried out. 

The X symbol indicates those items in which a gap of 2 mm between the cylinder made 
of quartz glass and the outer cylinder occurred. 

The circle symbol indicates those items in which no gap occurred after 50 repetitions of 
the heating-cooling cycle. 

In general, as far as vermiculite is concerned, those items with a large particle diameter 
are effective, and in addition, it has been determined that as far as the length and diameter 
of the ceramic fibers are concerned, those items with a long fiber length and whose 
diameter is in the area of 2.2 mm are superior. In addition, if one compares the case in 
which fine particles of vermiculite are ground into ceramic fibers, which is the prior art 
(with the combination and the sheet surface pressure being equivalent), with the 
examples cited in the present invention, it can be seen as shown in the comparative 
example in Table 3 that the endurance of the retentive force is insufficient and said [prior 
art] cannot be used under the rigorous conditions for the packing used for the monolith. 
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As noted above, the present invention is composed of a vermiculite layer and a ceramic 
fiber layer, and since it is anticipated that the unexpanded vermiculite will expand to 
form a flexible sheet which protrudes in layers and that has a thickness several hundred 
times that of the original thickness, it is predicted that the endurance of the retentive force 
will be different in the case where it has been installed by making it adhere to the side 
walls of the monolith, which are a high heat surface, and the case where the vermiculite 
layer lies in the middle of the side walls of the monolith and the inner wall of the outer 
cylinder. The results of an endurance test in which a pasted packing possessing both 
densities "ceramic fiber sheet X kg/m 2 + vermiculite sheet Y kg/m 2 + ceramic fiber sheet 
Z kg/m " [measured] from the side walls of the monolith is prepared as shown in Table 4 
below, and it was determined that there was retentive force endurance only for 
combinations (A) and (B) in the table-that is, only when the vermiculite layer is close to 
the side of the monolith. 



Table 4 







Fiber length 
and fiber 
diameter of 
the 

vermiculite 
particles 


50 mm 
2.2 u 
North 
America: 
Montana 
product 
#2 


50 mm 
2.2 u 
North 
America: 
Montana 
product 
#3 


Monolith 
side 


Outer cylinder side 






X 


Y 


Z 


Circle 


Circle 


(A) 


0 


1.35 kg/m 2 


1.575 kg/m 2 " 


(B) 


0.20 kg/m 2 


1.35 kg/m 2 


1.35 kg/m 2 


Circle 


Circle 


(C) 


0.20 kg/m 2 


1.35 kg/m 2 


1.13 kg/m 2 


X j 
(8) 


X 
(19) 


<P) 


0.20 kg/m 2 


1.35 kg/m 2 


0.90 kg/m 2 


X 
(27) 


X 
(21) 



The numbers in the parentheses indicate the number of times the heating-cooling cycle 
was carried out. 

The X symbol indicates those items in which a gap of 2 mm between the cylinder made 
of quartz glass and the outer cylinder occurred. 

The circle symbol indicates those items in which no gap occurred after 50 repetitions of 
the heating-cooling cycle. 

Next, an account will be given of the bonding agent of the ceramic fiber. For the packing 
employed in the present invention, as described previously it is necessary to make 
vermiculite with a surface density of approximately 1.35 kg/m 2 into a sheet, and since the 
ceramic fiber sheet which is pasted to this has a bulk specific gravity of 0.13 g/cm 2 in the 
ceramic fiber blanket it is not possible to use it as a packing for a monolith because its 
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thickness is approximately 10 mm and moreover its intensity is weak. In addition, since 
items which can be acquired as paper have a bulk specific gravity of 0.3 kg/cm 2 , a 
thickness of 4.5 mm and also have some intensity, when pasted to the above-mentioned 
vermiculite sheet the two of them together become approximately 6 mm, and when it is 
wound in the circumference of the monolith, expansion force is applied to the ceramic 
fiber paper which constitutes the outer layer, and a problem occurs in that either the 
adhesion with the vermiculate is stripped off or even in the event that it is not stripped 
off, wrinkles are created on the vermiculite layer. In order to resolve these problems, a 
variety of bonding agents, such as rubber adhesives like NBR, SBR, NR, etc., were 
considered, and ultimately it was discovered that the above-mentioned difficulties did not 
occur only when NR and polybutene (PB) were combined. In other words, items in which 
NR and PB were combined, as shown in Table 5 below, had a thin sheet thickness. Even 
for sheets made of ceramic fibers with the same surface density, a thin sheet can be made 
in which adhesion with the vermiculite was complete and that stretched easily without 
any cracking and even when the monolith was bent to a diameter of 93 mm. In 
particular, as shown in example (g) in Table 5, items for which the NR and PB have been 
increased by double have thin layers, a high surface density, possess sufficient intensity 
and have sheet flexibility. This kind of ceramic fiber sheet is something which did not 
exist previously. 



Table 5 





Bonding agent 


Thick- 
ness 


Findings when 
bending the 

monolith 
circumference 

diameter 


NBR 


SBR 


NR 


PB 


a 


7.5% 








5.3 mm 


Crevices occurred 


b 




7.5% 






6.9 mm 


Same as above 


c 






7.5% 




4.5 mm 


Separation of 
vermiculite layer and 
ceramic fiber layer 


d 






5 


2.5 


4.3 mm 


Same as above 


e 






2.5 


5 


4.0 mm 


Excellent 


f 








7.5 


12.0 mm 


Lacking overall 
strength 


8 






5 


10 


3.5 mm 


Excellent 



Based on the above test data the comprehensive results are exhibited in the form of the 
embodiment below. 



Embodiment 

0.6 kg of bulky ceramic fibers with an average fiber length of 50 mm and an average 
fiber diameter of 2.2 p were placed in a 100 liter beater used for experiments and were 
mashed for 5 minutes on the beater edge without any load being applied. After the non- 
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fiber portion which settled on the bottom of the beater was removed, a 0.45 kg ceramic 
fiber bulb was obtained. 45 g of poiybutene manufactured by Nihon Sekiyu [Japan 
Petroleum], Inc. (HV - 300, kinematic viscosity of 32000 below 100 degrees) and 22.5g 
of natural rubber made by Levertecs, Inc. (LCS Levertecs) was added to this, and after 
fixing this by adding a small amount of aluminazol and a sulfuric acid band, said ceramic 
fiber bulb was made into a sheet of 1 m X 0.33 m by a hand grinding machine. After this 
was pressed with a surface pressure of 10 kg/cm 2 and dried, a semi-moist powder in 
which the following ingredients were mixed together was sprinkled approximately 5 mm 
thick on top of this ceramic fiber sheet. 

Number 3 vermiculite particles which protrude in a layer (Nichiasu product 
number T/#5888).... 0.1 kg 

North America Montana product vermiculite particles #2... 0.35 kg 
NR (LCS Levertecs 60% solid portion)... 0.012 kg 

Water... 0.070 liters 

This was then spread evenly with a roller, and then on top of this was placed a thin sheet 
with the same combination as the above-mentioned ceramic fiber sheet, which had a 
surface density of 0.2 kg/m 2 , and the two surfaces of the combined sheet were clamped 
together by a metal net. After applying a surface pressure of 15 kg/cm 2 the sheets were 
joined by the rubber latex which had oozed out from the layer of vermiculite semi-moist 
powder, and said laminated sheet was then dried, made into the form of a tape by cutting 
it to a width of 25 mm, and employed as the packing for the monolith. 

The above-mentioned packing was then wrapped in the outer circuit of a quartz glass 
cylinder with an outer diameter of 93 mm which was selected for the monolith, and this 
was made into a test body by inserting the monolith, which had the packing wrapped 
around it, inside a cylinder made of heat resistant steel with an inner diameter of 100 mm 
and a flesh thickness of 6 mm by means of an insertion jig shaped like a mixing bowl 
with no bottom and with a taper attached. A lid was then placed on said test body, and an 
ordinary load was set by adding a 4.9kg spindle to the outer cylinder made of heat 
resistant steel so that the grinding stress would be equivalent to the force (0.7 kg) with 
which the monolith is extruded by the exhaust gas and the force (4.2 kg) with which the 
monolith is estimated to undergo at the time of shaking of 10 G. Then, with respect to the 
heating-cooling cycle, the amount of power supplied was adjusted so that the temperature 
in the outer cylinder increased 350 degrees Centigrade more than the temperature in the 
quartz glass interior within 30 minutes, and the compressed air volume which blows from 
the interior of the quartz glass cylinder was adjusted so that the temperature dropped to 
50 degrees Centigrade after another 30 minutes. The heating-cooling cycle was then 
taken to be 1 cycle. After 50 such cycles were repeated, there was no gap between the 
quartz glass cylinder and the outer cylinder, so the result was deemed successful. In 
addition, even when tests were carried out by placing a purifier to which a filling was 
provided in the form of packing in both the front and rear of the monolith in the 
automobile engine, and the engine was run at full rotation for 200 hours, the results were 
excellent, with no damage being found on the monolith and no indication of the monolith 
having slipped out of place. 
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As described above, according to the present invention, the packing for an automobile 
exhaust gas purifier which is constructed by pasting together a vermiculite sheet and a 
ceramic fiber sheet, can be characterized as (a) the above-mentioned vermiculite sheet is 
pressure molded into a sheet shape which possesses the required surface density in a 
mixture which is composed of (i) vermiculite particles which protrude in a layer and (ii) 
vermiculite particles with a diameter of over 35 mesh which do not protrude in a layer, 
with (i) and (ii) being mixed together in a ratio of 1 : 2 to 1 : 5 by weight, and an organic 
elastic bonding agent; and (b) the above-mentioned ceramic fiber sheet which is formed 
into a sheet shape by a bonding agent in which ceramic fibers, which are composed of 
alumina and silica and made with an average fiber length of over 50 mm and an average 
fiber diameter of 2 to 4 |im, are combined with natural rubber and polybutene. 
Therefore, it is possible to' easily insert [said substance] into the narrow crevice between 
the monolith and the outer cylinder of an automobile exhaust gas purifier, thus an 
appropriate monolith retentive force is maintained over a long period even where changes 
occur due to the repetition of thermal expansion of the crevice dimensions due to the 
heating-cooling cycle of a high temperature at the time of exhaust gas purification and an 
ordinary temperature when the engine is stopped. Therefore, for the present invention, it 
is possible to contribute greatly to an improvement in the endurance of the automobile 
gas exhaust purifier. 
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